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(54) Raman amplifier with pump source 

(57) In accordance with the invention, a first order 
Raman amplifier comprises a low power first order 
Raman pump followed by one or more components that 
are lossy or unreliable at high power levels. After pass- 
ing through the component, the first order pump is itself 
amplified by a second order Raman amplifier. The 
amplified first order pump is then used to amplify optical 
signals In a transmission fiber. Advantages are that 
resulting pump source is more reliable and relatively 
insensitive to insertion loss. Convenient low power 
sources, such as filtered spontaneous emission 
sources can be used as the first order pump source. 
And the gain spectrum of the second order pump can 
be used to compensate the gain spectrum of the first 
order punp. 
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Description 

Reld Of The invemlon 

[0001] This Invention relates to Raman optical 
amplifiers and, in particular, to Raman amplifiers with a 
pump source for providing improved amplifier perform- 
ance. 

Baclcaround Of The invention 

[0002] Raman optical amplifiers are important com- 
ponents in optical communication systems. Optical fiber 
communication systems are beginning to achieve their 
great potential for the rapid transmission of vast 
amounts of information. In essence, an optical fiber sys- 
tem comprises a source of information-carrying optical 
signals, an optical fiber transmission tine for carrying 
the optical signals and a receiver for detecting the opti- 
cal signals and demodulating the information they carry. 
The signals are typically within a wavelength range 
favorable for propagation within silica fibers, and prefer- 
ably comprise a plurality of wavelength distinct channels 
within that range. 

[0003] Despite significant progress in reducing the 
attenuation characteristics of optical fibers, signals 
transmitted through them are attenuated by the cumula- 
tive and combined effect of absorption and scattering. 
Consequently long distance transmission requires peri- 
odic amplificatton. 

[0004] One approach to optical amplification utilizes 
Ranian effect amplification. In the Raman effect amplifi- 
cation, light traveling within a medium is amplified by the 
presence of lower wavelength pump light traveling 
within the same medium. The gain spectrum of a silica 
fiber pumped by a monochromatic Raman pump exhib- 
its maximum gain when the signal to be amplified is at a 
frequency approximately 13 THz lower than the fre- 
quency of the Raman pump. The frequency (or wave- 
length) difference between the pump and the frequency 
(or wavelength) of maximum gain is often referred to as 
the Stokes shift, and the amplified signal Is referred to 
as the Stokes wave. Use of a pump that is detuned from 
the signals by about one Stokes shift (1/2 the Stokes 
shift to 3/2 the shift) is refen-ed to as first-order Stokes 
pumping. 

[0005] It has also been observed that the gain is 
significantly larger for a co-polarized signal and pump. 
This polarization sensitivity can be eliminated if the 
pump is depolarized, polarization -scrambled or com- 
posed of two equally powerful polarized pumps that are 
polarization multiplexed. See, for example. United 
States Patent No. 4.805.977. Issued to Y Tamura et al 
and entitled "Optical Coupler for Optical Direct Ampli- 
fier" 

[0006] Raman amplifiers can be categorized as 
either distributed or discrete. In distributed amplifiers, 
the transmission fiber itself is used as the gain medium. 



126 797 A2 2 

In discrete amplifiers, a separate fiber, typically opti- 
mized for Raman amplification, is used as the gain fiber. 
While the discrete amplifier gain fiber may be kilometers 
in length it is typically spooled at one location and not 

5 used to transfer information from one location to 
another. The term "Raman amplifier", as used herein, 
refers to both the pump and the gain medium. 
[0007] Signal amplification utilizing distributed first 
order Raman effect amplifiers is described in United 

10 States Patent No. 4.616,898 issued to John W. Hicks, 
Jr. on October 14, 1986. The Hicks et at. system dis- 
poses a plurality of optical Raman pumps at spaced 
intervals along the transmission line. These punrps 
inject pump light into the optical fiber at a wavelength 

IS shorter than the signal wavelengths by a Stokes shift, so 
that the pump light amplifies the lower wavelength sig- 
nals by the first order Raman effect. 
[0008] A difficulty with conventional Raman amplifi- 
ers is that they are typically critically dependent on 

20 power sensitive components subsequent (downstream) 
to the pump. Often Raman pump sources utilize a plu- 
rality of sources to establish a high power first order 
pump (> 100 mW) and an immediate downstream mul- 
tlpl exing component to combine the outputs into a pump 

25 with a wide, flat bandwidth. In typical amplifiers, the 
pump power is generated by an array of high power 
semiconductor pump lasers that are followed by wave- 
length-division multiplexers. See, for example. Y. Emori 
et al. "Less than 4.7 dB Noise Rgure...", Conference on 

30 Optical Amplifiers. Paper PD3-1 . Vail Colorado (July 27- 
29. 1998). The problem with such amplifiers is that the 
multiplexers present relatively high Insertion loss to the 
high power signals. I^oreover the multipiexers are not 
reliable at high power levels. Other Raman pump 

35 sources utilize plural sources of different polarization 
followed by polarization multiplexers. The polarization 
multiplexers present the same problems of insertion 
loss and unreliability at high power. And even single 
source high power pumps are sometimes followed by 

40 lossy or unreliable components as polarization scram- 
blers or spectral filters. Accordingly there is a need for 
an irrproved Raman amplifier with reduced sensitivity to 
power sensitive components. 

45 Summary Of The Invention 

[0009] In accordance with the invention, a first order 
Raman amplifier comprises a low power first order 
Raman pump followed by one or more components that 

50 are lossy or unreliable at high power levels. After pass- 
ing through the component, the first order pump is itself 
amplified by a second order Raman amplifier. The 
amplified first order pump is then used to amplify optical 
signals in a transmission fiber. Advantages are that 

55 resulting pump source is more reliable and relatively 
insensitive to insertion loss. Convenient low power 
sources, such as filtered spontaneous emission 
sources can be used as the first order pump source. 
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And the gain spectrum of the second order pump can 
be used to compensate the gain spectrum of the first 
order pump. Brief Description Of The Drawings 
[0010] The advantages, nature and various addi- 
tional features of the invention will appear more fully s 
upon consideration of the illustrative embodiments now 
to be described in detail in connection with the accom- 
panying drawings, in the drawings 

Fig. 1 schematically illustrates a first embodiment of io 
a Raman amplifier using distrilxjted second order 
amplification of a first order pump; 

Fig. 2 is a schematic spectral diagram showing the 
relationship among the wavelengths for the ampii- is 
tier of Fig. 1. 

Figs. 3 and 4 schematically Illustrate Raman ampli- 
fiers using discrete second order amplification of a 
first order pump. so 

[0011] It Is to be understood that these drawings 
are for purposes of Illustrating the concepts of the inven- 
tion and are not to scale. 
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[0012] Refen-Ing to the drawings. Fig. 1 illustrates a 
distributed Raman amplifier 9 comprising a low power 
first order pump source 1 0 whose output is connected to ao 
one or more power sensitive components 11 . By power 
sensitive component is meant a component incurring a 
greate' than 10% insertion loss or a component subject 
to a high failure rate at optical power of 100 mW. A high 
failure rate can be quantff ied as a FIT rate greater than 35 
1000 where the FIT rate Is the expected number of fail- 
ures in 10^ hours. 

[0013] The first order pump source 10 can com- 
prise a plurality of sources which differ in wavelength or 
polarization. The combined first order pump Xp^ is then 40 
Itself amplified by a second order Raman amplifier com- 
prising, for example, a second order pump source 12, 
subsequent fiber segment 14 and a portion of transmis- 
sion line 16. The second order punrp from source 12 is 
added to the first order pump x^-^ at coupler 13, and the^ 4S 
first and second order pumps X.pi and Ap2 travel 
together along a length of fiber 14 and a portion of fiber 
16 to permit Raman amplification of Xp^. Coupler 15 
launches Xp^ and Xp2 into the transmission fiber 16 
counterpropagating with a transmitted signal 7^ in the so 
transmission f ilDer. 

[0014] The low power first order pump source 10 
preferably has a low power level less than 100 mW. It 
can comprise a plurality of sources such as an an^ay of 
semiconductor lasers or it can be a single source such ss 
as a filtered spontaneous emission source 
[001 5] The power sensitive component 1 1 , can be a 
polarization or wavelength-division multiplexer, a polari- 



zation scrambler, or a spectral filter (for a spontaneous 
emission source). It typically has a loss of 10% or more 
or a FIT rate greater than 1000 when subjected to an 
optical Input of 100 mW. 

[0016] The second order pump source 12 is prefer- 
ably a high power semiconductor laser. 
[0017] Fig. 2 is a qualitative power spectrum illus- 
trating the spectral relationship among Xp^ . Ap2 and X^. 
In essence, Xp^, is one Stokes shift shorter in wave- 
length than Xs, so that Xpi, amplifies A^. And Xp2 is one 
Stokes shift shorter tiian Xpi so that Xp2 amplifies Xpi. 
[0018] Fig. 3 Illustrates an alternative embodiment 
similar to tiiat of Fig. 2 wherein the second order pump 
amplifies the combined first order pump in a discrete 
Raman gain fiber 30 before the amplified Xp^, is intro- 
duced Into the transnnisslon line 16 for distributed ampli- 
fication of Xs- The gain fiber 30 is essentially one or 
more coils of fiber where Xp^ and Xp2 propagate 
together. The source 1 2 and tiie gain fiber 30 form a dis- 
crete second order Raman amplifier. 
[0019] Fig. 4 illustrates a second alternative 
embodiment similar to that of Fig. 3 except that the 
amplified first order pump Xi amplifies X^ in a second 
discrete Raman gain fiber 40. 

[0020] It is to be understood that the above- 
described embodiments are illusti'atlve of only a few of 
the many possible spec'rfic embodiments which can rep- 
resent applications of the principles of tiie invention. 
Numerous and varied other anrangements can be in 
accordance witii these principles without departing from 
the scope of the Invention. 

Claims 

1 . A Raman optical anrplif ier for anpllfying optical sig- 
nals propagating in a transmission fiber comprising: 

a first order punrp source; 

a power sensitive component for receiving the 
output of the first order pump source; 

a second order Raman amplifier downstream 
from the first order pump source and power 
sensitive component comprising a second 
order pump source and a gain fiber for anrplify- 
tng the first order pump. 

2. The amplifier of claim 1 wherein said first order 
pump source comprises a plurality of different 
wavelength sources and said power sensitive com- 
ponent comprises a wavelength division multi- 
plexer. 

3. The amplifier of claim 1 wherein said first order 
pump source comprises a plurality of different 
polarization sources and said power sensitive com- 
ponent comprises a polarization multiplexer. 
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4. The amplifier of claim 1 wherein said second order 
amplifier comprises a distributed second order 
anpfifier. 

5. The amplifier of claim 1 wherein said second order s 
amplifier confiprises a discrete second order ampli- 
fier. 

6. The amplifier of claim 1 wherein the amplified first 
order pump is launched into said transmission fiber io 
for amplifying said optical signals by distributed 
Raman amplification. 

7. The amplifier of claim 1 wherein the amplified first 
order pump is introduced into a gain fiber for ampli- is 
fying said optical signals by discrete Raman ampli- 
fication 

8. The amplifier of claim 1 wherein said first order 
pump source is a low power pump source having a 20 
power level of less than 100 mW. 

9. The amplifier of claim 1 wherein said first order 
punrtp source comprises a spontaneous emission 
source. 25 

10. The amplifier of claim 1 wherein said power sensi- 
tive component comprises a polarization scrambler. 

11. The amplifier of claim 1 wherein said power sens!- 30 
tfve component comprises a spectral filter. 

12. The amplifier of claim 1 wherein said power sensi- 
tive component has an insertion loss of 10% or 
more. 35 

13. The amplifier of claim 1 wherein said power sensi- 
tive component has a FIT rate greater than 1 000 for 
optical power of 100 mW. 

40 
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(54) Raman amplifier with pump source 



(57) In accordance with the invention, a first order 
Raman amplifier comprises a low power first order Ra- 
man pump followed by one or more components that 
are lossy or unreliable at high power levels. After pass- 
ing through the component, the first order pump is itself 
amplified by a second order Raman amplifier. The am- 
plified first order pump is then used to amplify optical 



signals in a transmission fiber. Advantages are that re- 
sulting pump source Is more reliable and relatively in- 
sensitive to Insertion loss. Convenient low power sourc- 
es, such as filtered spontaneous emission sources can 
be used as the first order pump source. And the gain 
spectrum of the second order pump can be used to com- 
pensate the gain spectmm of the first order pump. 
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